SUMMARY Sixteen children (aged 3 to 12 years) participated in a 12 month crossover study comparing bedtime with teatime insulin injections in an endeavour to reduce morning hyperglycaemia. Blood glucose values were lower at lunch and at teatime on the later injection, but higher at bedtime and midnight. There was no overall change in glycosylated haemoglobin. Despite more frequent mild hypoglycaemic attacks, parents preferred the convenience of the later injection. Analysis of individual children's glycosylated haemoglobin values showed that those whose metabolic control improved on the later injection were younger and went to bed earlier, indicating that this regimen may have a place in the management of younger children with diabetes mellitus.
In recent years the evidence relating glycaemic control to long term complications has increased,' and the patient now considered 'well controlled' is one whose blood glucose and glycosylated haemoglobin values are as close to the physiological range as is compatible with an acceptably normal lifestyle. This goal is rarely attained in practice, and is particularly challenging for the paediatrician.2
One of the major barriers to improved glycaemic control on conventional once or twice daily insulin regimens is the so called 'dawn phenomenon'.3 This consists of a rise in the blood glucose concentration starting in the early hours of the morning and continuing after breakfast, causing the midmorning blood glucose peak so frequently seen in insulin dependent patients. Initial experience with continuous subcutaneous insulin infusions suggested that this rise could be reduced by maintaining constant insulin values overnight,4 and it is common experience that twice daily insulin regimens fail to provide adequate insulin concentrations in the latter part of the night. A three injection study performed in adults, delaying the evening injection of intermediate acting insulin from the evening meal to bedtime, reduced the early morning glucose rise but failed to improve glycosylated haemoglobin values.5
Children are less likely to tolerate multiple injections than adults, and the interval between their evening meal and bedtime is shorter. We have, therefore, studied the effects of delaying the second injection of insulin from before the evening meal to bedtime in a group of under 12 year old children in their normal home environment.
Methods
Patients. Nineteen prepubertal children were selected from the Nottingham Children's Diabetic Clinic (Table 1) on the grounds of age and duration of diabetes. All patients and parents consented to take part in the study, which had local ethical committee approval. These 'compliant' patients had glycosylated haemoglobin values slightly below our clinic mean (11-4%). One patient withdrew during the 'run in' period and two further children were subsequently excluded when it became apparent that they could be optimally controlled on a single daily injection of insulin. Sixteen children completed the study; none had any other metabolically relevant disorder. The only child admitted to hospital during the trial had an exacerbation of his asthma; this did not seem to alter his diabetic control.
All children had normal creatinine, urea, and electrolyte concentrations. All had normal blood pressure with no evidence of microvascular complications. Postprandial C peptide concentrations were uniformly low.
At entry to the study all children were being treated with twice daily highly purified pork insulin, using a mixture of intermediate and short acting insulin in the morning and intermediate (with or without short acting) before their evening meal (regimen A).
Procedure. After a four month run in period the children were randomised into two groups. One 311 (Fig. 1) . Home measured fasting blood glucose concentrations tended to be lower on regimen B than on regimen A (6.6 v 8-6 mmol/l; NS). The Sarstedt tube glucose concentrations showed a similar trend. At lunch time, blood glucose was significantly lower on regimen B than on the regimen A (7.1 v 9-8 mmolIl; P<0.02), and this difference remained true at teatime (9.1 v 10-2 mmol/l P<0-004). By bedtime the direction of the difference had reversed and blood glucose concentrations were lower on regimen A than on regimen B (10.4 v12-3 mmol/l; P<0.001). This gap was less apparent by midnight (9.8 v 11*5 mmol/l; P<003), and not statistically significant by 3 am (7-7 v 9-0 mmol/l; NS). Hypoglycaemic episodes (see Table 2 ever, negative correlations with glycosylated haemoglobin at randomisation, age, the time of the bedtime injection, and the tea-bed interval. This suggests that the children who did better on regimen B had lower glycosylated haemoglobin values at randomisation, were younger, and went to bed earlier than those whose control deteriorated.
Parent questionnaire. Parents did not distinguish between the regimens on the grounds of blood glucose control or hypoglycaemia. The parents of 11 children viewed regimen B as more convenient, and nine requested that their child continue on this regimen after completion of the trial.
Discussion
The exact aetiology of the dawn phenomenon remains unclear. 
